We report on the habitat associations of 21 species of grassland birds overwintering in or migrating through southern Texas, during 1991-1992 and 1992-1993. Ninety percent of our grassland bird observations were made during winter and spring, and only 10% occurred during fall. Grassland species made up a high proportion of the total bird densities in grassland and shrub-grassland habitats, but much lower proportions in the habitats with more woody vegetation. Fewer grassland species were observed in grassland and woodland than in brushland, parkland, and shrub-grassland habitats. Grassland birds generally were found in higher densities in habitats that had woody canopy coverage of < 30%; densities of grassland birds were highest in shrub-grassland habitat and lowest in woodland habitat. Species that are grassland specialists on their breeding grounds tended to be more habitat specific during the nonbreeding season compared to shrub-grassland specialists, which were more general in their nonbreeding-habitat usage. Nonetheless, our data demonstrate that grassland birds occur in a variety of habitats during the nonbreeding season and seem to occupy a broader range of habitats than previously described.
INTRODUCTION efforts on grassland birds have generally focused
During the last quarter-century, grassland birds on events during the breeding season. Most showed greater and more consistent patterns of grassland birds in North America are migratory, population decline at the continental level than spending one-half or more of their annual cycle other avian groups in North America (Knopf in migration or wintering areas. Moreover, the Dominated by grasses and forbs, lacks woody vegetation (or with < 10% woody canopy coverage). Grass-woody plant interspersion with woody plants generally < 3 m tall and comprising < 30% woody canopy coverage. Grassland-woodland interspersion, with woody plants 2 3 m tall, and comprising < 50% woody canopy coverage. Dominated by woody plants < 3 m tall and comprising 2 30% woody canopy coverage.
Dominated by trees 2 3 m tall and generally having a closed canopy.
to declines of grassland bird populations is difficult to assess. In this paper, we report on the upland habitat associations of temperate-breeding grassland birds in southern Texas during the nonbreeding season. Southern Texas is an important stopover area for many migratory birds en route to and from their wintering grounds. This subtropical region also is a critical overwintering area for many North American migrants, including many grassland birds.
METHODS
We conducted field work within the Coastal Sand Plains in Brooks, Jim Wells, Kenedy, and Kleberg Counties in southern Texas during 1991-1992 and 1992-1993. The climate of the region is humid and subtropical, and the topography is moderately flat, with a gentle slope toward the Gulf of Mexico. Sandy plains and coastal prairie dominate the landscape, and cattle ranching is the primary land use (Brown et al. 1977) . Plant communities in the region are dominated by honey mesquite (Prosopsis glandulosa), huisache (Acacia farnesiana), or live oak (Quercus virginiana). We delineated upland habitats (except cropland) on our study area into five physiognomic classes (grassland, shrubgrassland, parkland, brushland, woodland) following McMahan et al. (1984 ; Table 1 ). We further subdivided these physiognomic classes into 11 habitat subclasses, based on dominant woody plant types that were common and widespread in the region: grassland, huisache shrub-grassland, mesquite shrub-grassland, huisache parkland, mesquite parkland, huisache brushland, mesquite brushland, oak brushland, huisache woodland, mesquite woodland, and oak woodland.
To examine patterns of grassland bird abundance across habitats, we conducted bird surveys on 10 line-transects in each habitat subclass during peak migratory periods in fall (1 September-15 October), spring (1 April-15 May), and winter (1 January-15 February) in 1991-1992 and 1992-1993. We randomly selected line transects that were 500 m long, at least 500 m apart, and not closer than 500 m from a habitat edge. In most cases, the same transects were used in all seasons and in both years; in a few cases, a transect was substituted when an established transect could not be relocated or the habitat type changed due to disturbance (root-plowing, chaining, etc.). We estimated the perpendicular distance (to the nearest 10 m) between the transect line and the point at which each bird was first visually observed. Observers practiced distance estimation in all habitats before beginning data collection. Surveys were conducted between 0.5-3.5 l-n after sunrise and between 3.5-0.5 hr before sunset. Surveys were not conducted during moderate or heavy precipitation or winds > 25 km hrr' .
Only experienced observers were used for the bird surveys. Before the surveys began, observers spent considerable time in the field identifying birds by using plumage characteristics, size, behavioral cues, flight patterns, call notes, occasional or partial songs, etc. (Dunning and Pulliam 1989) . A small percentage (< 3%) of the birds, however, could not be identified to species during the surveys and were recorded as unknown species. Densities from unknown species are not presented here, although a high proportion of these probably were grassland birds (mostly Emberizine sparrows), many of which have cryptic behaviors and plumages during the nonbreeding season. Thus, our density estimates of grassland species are conservative.
Densities of individual species and groups of species (see below) were estimated from line transect data with methods outlined by Buckland et al. (1993) , in conjunction with the computer program DISTANCE (Laake et al. 1994 ). Program DISTANCE was used to obtain habitatspecific estimates of effective strip width and bird abundance for each species. Based on histograms of distance data (perpendicular distance from the transect line), we used several robust models (Buckland et al. 1993 ) and chose the models that had the smallest Akaike Information Criterion values. Goodness-of-fit tests gave no indications (P > 0.20) that any model that was chosen was inappropriate or that assumptions were seriously violated (Buckland et al. 1993 ). Density estimates for species with < 35 observations per habitat subclass were calculated using the equation D = &Lw, where D = density (birds ha-l), n = number of observations within distance w, L = total length of transects, and w = perpendicular distance within which all birds were assumed to have been seen (Buckland et al. 1993 ). Both approaches use the observed bird counts to obtain density estimates which also account for birds that were not observed, with the key assumptions being that all birds on the transect line were observed and that detectability decreases with perpendicular distance from the transect line. If a species was not observed on a transect, a zero was used to calculate mean densities.
To reduce problems associated with small sample sizes, we analyzed data at the physiognomic level rather than at the level of dominant plant types. Also, preliminary analyses of bird survey data indicated that grassland birds were using habitats based primarily on physiognomic structure rather than dominant plant types, which is consistent with habitat use of grassland birds on the breeding grounds (Wiens and Rotenbetry 1981). Therefore, we combined data from each habitat subclass into one of the five physiognomic classes ( 
DATA ANALYSES
We analyzed the density data by grassland bird species and breeding-habitat group using a 3-factor analysis of variance ( (Table 2) . Although we surveyed all species of birds, the focus of this paper is on 21 species that breed in grasslands of temperate North America and that winter in or migrate through southern Texas (Table 3) . Ten of the 21 species have winter ranges that markedly overlap with their breeding ranges, 6 species have winter ranges that are marginally contiguous or only slightly overlap their breeding ranges, and 5 species have winter ranges that are markedly disjunct from their breeding ranges (Table 3 Grassland and shrub-grassland habitats had lower overall species richness compared to brushland, parkland, and woodland habitats (Table 2). Across seasons, the 21 grassland species comprised 28-48% of the total species observed in grassland, 2641% in shrub-grassland, 16-29% in parkland, 13-3 1% in brushland, and 12-26% in woodland. Although grasslands had the lowest overall bird densities (67.8 birds loha-' ), grassland birds constituted a high percentage of the overall density of birds observed in grassland (55%), followed in descending order by shrub-grassland (43%), brushland (27%), parkland (25%), and woodland (11%) habitats.
Fewer grassland species were observed in grassland (14 species) and woodland (15 species) habitats than habitats intermixed with grassy and woody vegetation (17 species in shrub-grassland, 18 in both parkland and brushland; Table 4 ). Nineteen grassland species were detected in three or more habitats; 10 of these species occurred in all five habitats. Average densities of grassland birds were highest in shrub-grassland and lowest in woodland (Table  4) . Two grassland species were most abundant in grassland, eight in shrub-grassland, five in parkland, three in brushland, and three in woodland. In decreasing order of abundance, the five most common grassland species across habitats were Eastern Meadowlark, Savannah Sparrow, B Densities within a row followed by similar letters are not significantly (P 9 0.05) different (grassland specialists) were most abundant in shrub-grassland followed by grassland, but were uncommon or absent in woodland. Conversely, some species that commonly breed in shrubgrassland habitats (shrub-grassland specialists) were most abundant in shrub-grassland, were uncommon or absent in grassland, and occurred more commonly in brushland, parkland, and woodland habitats, the three habitats with the highest coverage of woody vegetation.
During the spring in 1993, Grasshopper Sparrows occurred at higher densities (F4,,of, = 7.3, P < 0.001) in open habitats (grassland, parkland, and shrub-grassland) than in habitats with dense woody vegetation (brushland and woodland) (Table 5 ). Le Conte' s Sparrow densities differed among habitats during both winter (F4.105 = 4.6, P (0.01) and spring (F4,,05 = 2.9, P < 0.05); more specifically, during winter, the species was more common in shrub-grassland than in parkland (P < 0.05) and woodland (P = O.OOl), and during spring, the species was more common in parkland than in brushland (P < 0.05) and woodland (P < 0.05). Savannah Sparrow densities differed among habitats during winter (F4,,05 = 3.1, P < O.Ol), with the species being more common in shrub-grassland than woodland (P < 0.01). Densities of Eastern Meadowlarks differed among habitats across seasons (F4,,05 = 10.3, P < 0.001) with higher densities in shrub-grassland than in brushland (P < O.OOl), parkland (P < O.Ol), and woodland (P < 0.001). Differences in densities of grassland specialists among habitats were consistent among seasons, with higher densities in shrubgrassland than woodland each season (P < 0.05), and higher densities in parkland than woodland during spring (P = 0.05). Conversely, shrub-grassland specialists showed no seasonal differences in use among the five habitats (P > 0.4). The overall density of grassland birds was higher in shrub-grassland than woodland for both fall (P < 0.05) and winter (P < 0.01); no differences (P > 0.8) were detected among habitats during spring.
Of the 21 grassland species, 15 species were observed during fall, 18 in winter, and 19 during spring (Table 4) that were characterized by few, broad-leaved woody plants and low canopy closure, although these latter vegetation types represented critical overwintering habitat for some migrant shorebirds and grassland birds. In our study, grassland birds represented a relatively greater proportion of the overall number of bird species and overall bird density in grasslands and shrub-grasslands than in habitats with more woody vegetation.
We found marked differences in the seasonal occurrence of grassland birds in southern Texas during the nonbreeding season. Both the number of species and densities were higher in winter and spring than in fall. These seasonal differences are consistent with previous observations of migrants in southern Texas and reflect, among other factors, divergent behavioral strategies of long-and short-distance migrants, variation in the timing of arrivals and departures, and disparate habitat preferences during migration and in winter (Terborgh 1980 Grzybowski (1976 Grzybowski ( , 1983a noted that several grassland passerines preferred similar herbaceous grasslands during the winter as those occupied on their temperate breeding grounds. We also found that grassland birds overall were most abundant during the nonbreeding season in southern Texas in the two most structurally simple habitats, grassland and shrub-grassland, which most closely resembled their breeding habitats. Species that are grassland specialists on their breeding grounds, however, tended to be more habitat specific during the nonbreeding season than shrub-grassland specialists (Tables 4 and 5) .
Nonetheless, we observed grassland birds in a broader range of habitat types during the nonbreeding season than previously described (Hunter 1990 For some grassland birds, woody or dense vegetation may provide protective cover from predators. Pulliam and Mills (1977) suggested that the availability of cover, in the form of trees and shrubs, is an important determinant of the habitat distribution of wintering sparrows in grasslands. Grzybowski (1983b) found that vegetation height and density in herbaceous grasslands influenced patterns of sociality (flocking vs. solitary) and predator avoidance in overwintering grassland birds. Lima (1990) suggested that a continuum of strategies exists for use of space in wintering granivorous birds, with some species, such as Vesper Sparrow, being completely dependent upon woody cover to escape predators, whereas others, such as Homed Lark, are completely independent or hindered by the presence of woody cover.
Herkert and Knopf (1998) considered the identification of habitats used by grassland birds during the nonbreeding season as one of the most important information needs for improved conservation of grassland birds. Distributions of individuals among habitat types may provide a reliable indication of the relative suitability of those habitat types (Orians and Wittenberger 1991) . Caution, however, should be used when basing conservation efforts on species' patterns of abundance across habitats, such as those presented here. Although, from a conservation perspective, it may seem obvious to protect the habitats where grassland birds are most abundant during the nonbreeding season, in reality, density can be a poor indicator of habitat quality (Van Home 1983). Until more information is obtained regarding species' survival and other population parameters (dispersal, age-or sex-specific habitat segregation) in habitats used during the nonbreeding season, it will be difficult to adequately evaluate habitat suitability and the potential effects of landscape change or shifts in vegetation physiognomy on grassland bird populations during the nonbreeding season.
Most of the grassland species in this study exhibited population declines, based on analysis of Breeding Bird Survey data. Consistency of the results between the Christmas Bird Count and Breeding Bird Survey for some species suggests that these independent surveys are likely monitoring similar phenomena, but these trends provide no evidence of a causal relationship between grassland bird population declines and habitat loss or degradation on either the breeding or wintering grounds. Although it is becoming increasingly apparent that population changes of some grassland birds, such as the Dickcissel (Basili 1997), cannot be understood solely from factors occurring on their breeding grounds, little evidence exists to suggest that grassland birds are constrained by the availability of suitable habitat during the nonbreeding season. Attempts to determine the causes of grassland bird declines is further complicated by the fact that many grassland birds tend to use the same habitat types during the breeding and nonbreeding seasons. Finally, it is important to recognize that population declines may not have a single cause but rather may be the result of several factors acting separately or in concert, and that population trends potentially may be influenced by events occurring on the breeding grounds, during migration, and/or on the wintering grounds (Latta and Baltz 1997). This recognition is essential to the conservation efforts for grassland birds, as well as other highly migratory groups of birds, for even the most extraordinary conservation efforts initiated on the breeding grounds can be vitiated by the lack of efforts during the nonbreeding season, and vice versa (Myers et al. 1987 ). In light of recent declines in grassland bird populations, there is a pressing need for more information on the ecology and habitat requirements of grassland birds during the nonbreeding season. Until more information identifying specific factors that influence grassland bird populations becomes available, theoretical arguments (Latta and Baltz 1997) concerning ecological limitations and the proximate and ultimate causes of changes in grassland bird populations will continue.
